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(54) WASTE GAS TREATING DEVICE 

(57)Abstract: 

PURPOSE: To enable driving by low electric power and 
lower dielectric breakdown strength for a discharge tube 
having large discharge tube gap. 

CONSTITUTION: This device is provided with a control 
part 12 converting a direct power source 1 1 to an 
alternate current and varying its voltage and a plasma 
discharge tube 14 treating NOx, etc., in the waste gas. 
The control part 1 2 is composed of a boosting type 
chopper circuit 21, a driving circuit 22, FETs 23 and 24 
for high speed switching and its driving circuits 25 and 
26 and CPU 28 controlling each driving circuit. At the 
device, the primary side voltage of a transformer 13 is 
boosted by the chopper circuit and the secondary side 
voltage is set at 20KV being the discharge starting 
voltage of the plasma discharge tube 14 during at least 
one period of a plasma discharge starting time. After 
that, the chopper circuit 21 is drived usually so that the 
secondary side voltage is 10KV being a discharge 
maintaining voltage. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A plasma discharging part which plasma-izes exhaust gas which passes an inside, and a 
voltage applying means which impresses a volts alternating current to this plasma discharging 
part, A flue gas treatment apparatus possessing a voltage pressure-up means by which at least 
1 cycle carries out between pressure up of the volts alternating current impressed from this 
voltage applying means at the time of a plasma discharge start. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the flue gas treatment apparatus which 
processes NO x etc. which start a flue gas treatment apparatus, for example, are exhausted from 

burners, such as a car and a boiler. 
[0002] 

[Description of the Prior Art]A plasma generator is applied and the flue gas treatment apparatus 
which processes NO x etc. which are exhausted from burners, such as a car and a boiler, is put in 

practical use. For example, an internal electrode and the discharge tube in which exterior 
electrodes were allocated outside are used inside a reaction vessel, and, as for this flue gas 
treatment apparatus, the power supply is connected among these two electrodes. The exhaust 
gas which passes through the inside of a reaction vessel is made to plasmaHze by impressing 
fixed voltage between an internal electrode and exterior electrodes from this power supply. NO x 

in exhaust gas is decomposed into N 2 and 0 2 , and CO and HC react to oxygen and are 

detoxicated by this at C0 2 and H 2 0. The size of the discharge tube used for this flue gas 

treatment apparatus is set up with the discharge tube supplied power and firing potential 
according to an exhaust gas passing cross section and exhaust gas purifying treatment capacity, 
the discharge tube gap in proportionality, etc. 

[0003] Drawing 5 expresses the relation between a discharge tube gap and the size of the whole 
discharge tube. The size of the whole discharge tube to an exhaust gas throughput becomes 
compact, so that a discharge tube gap is generally large when a required exhaust gas passing 
cross section and discharge tube supplied power are given as shown in this figure. Here, a 
discharge tube cap means the interval of an internal electrode and discharge tube inner skin. The 
discharge tube size according to these monograph affairs is determined, and processing to NO x 

in exhaust gas, etc. is performed as voltage according to the size by the voltage of about 20 kV 

being impressed between two electrodes, for example. 

[0004] 

[Problem(s) to be Solved by the Invention] However, when discharge tube GYAPU was enlarged, 



discharge voltage needed to be increased and there was a problem that reactive power 
increased by the increase in voltage (Institute of Electrical Engineers of Japan and ED-86-85). 
With the increase in voltage, the withstand voltage of each electric system also needed to be 
increased and it had become a cause of the enlargement cost hike of an electric system system. 
Then, this invention was accomplished in order to solve such SUBJECT, and an object of this 
invention is to provide the flue gas treatment apparatus [ a drive with low electric power is 
possible, and ] which can also make withstand voltage low to the discharge tube of a big 
discharge tube gap. 
[0005] 

[Means for Solving the Problem]A plasma discharging part which plasma-izes exhaust gas which 
passes an inside in the invention according to claim 1, A flue gas treatment apparatus is made to 
possess a voltage applying means which impresses a volts alternating current to this plasma 
discharging part, and a voltage pressure-up means by which at least 1 cycle carries out between 
pressure up of the volts alternating current impressed from this voltage applying means at the 
time of a plasma discharge start, and said purpose is attained. 
[0006] 

[Function]The exhaust gas which carries out pressure up by the voltage pressure-up means 
between at least 1 cycles at the time of a plasma discharge start, and passes a plasma 
discharging part is made to plasma-ize, and the usual voltage is impressed after it. 
[0007] 

[Example]The suitable example in the flue gas treatment apparatus of this invention is described 
in detail with reference to drawing 4 fr om drawing 1 below. Drawing 1 expresses the circuitry of 
the flue gas treatment apparatus at the time of being applied to a car. As shown in this figure, 
the flue gas treatment apparatus is provided with the plasma discharge pipe 14 by which the 
secondary winding of this transformer 1 3 was connected with DC power supply 1 1 , the control 
section 12 which these DC power supply are changed into exchange, and changes that voltage, 
and the transformer 13 by which the primary side coil was connected to this control section 12. 
[0008]The chopper circuits 21 of the pressure-up type by which the control section 12 was 
connected with DC power supply 1 1 , The chopper driving circuit 22 which turns on and off the 
switching section of these chopper circuits, It has the 1st FET23 connected the one side of the 
primary winding of the transformer 13, the 2nd FET24 connected the other side of the primary 
winding of the transformer 13, and the 1st and 2nd FET drive circuits 25 and 26 connected to 
these 1st and 2nd FET. The 1st and 2nd FET drive circuits 25 and 26 are connected to the gate 
which FET connected, respectively does not illustrate. 

It is a circuit for performing fast switching by turning impression on and off for voltage to this 
gate. 

[0009]The control section 1 2 is provided with CPU28. 

The chopper driving circuit 22, 1st, and 2nd FET drive circuits [ 2nd ] 25 and 26 are connected 
to this CPU28. 

The ignition sensor 31 which detects an engine drive start, the accelerator sensor 32 which 
detects the amount of treading in of an accelerator, and the acceleration sensor 33 which 
detects acceleration are connected to CPU28, and each detecting signal is supplied to it. CPU28 
is provided with ROM (read only memory) and RAM (random access memory) which are not 
illustrated. 

According to the various programs stored in ROM by making RAM into WAKUNGU area, the 
circuit of the chopper driving circuit 22, the 1st FET drive circuit 25, and the 1st FET drive 
circuit 25 is controlled, and control of other various kinds is performed. 

[0010]Drawing 2 expresses the composition of the plasma discharge pipe 14. As shown in this 
figure, the plasma discharge pipe 14 comprises the plasma discharging part 35 in which the 
exhaust gas from the engine shown by the arrow A passes an inside, the cylindrical internal 
electrode 36 arranged at that inside, and the exterior electrodes 37 arranged in the peripheral 
face of the plasma discharging part 35. The secondary winding of the transformer 13 is 



connected to the internal electrode 36 and the exterior electrodes 37. 

[001 1]Next, operation of the example constituted in this way is explained. First, the principle of 
operation of the flue gas treatment apparatus by this example is explained. It is required rather 
than voltage for the plasma discharge pipe 14 to maintain a discharge state that the way of the 
voltage for starting discharge should be high voltage. It means the conventional flue gas 
treatment apparatus's impressing and hurting the same voltage of firing potential and 
maintaining-a-discharge voltage, and consuming electric power useless as maintaining-a- 
discharge voltage. So, in the flue gas treatment apparatus of this example, for about three cycles 
raises discharge tube impressed electromotive force temporarily preferably between at least 1 
cycles at the time of discharge starting. 

[0012] Drawing 3 expresses the discharge tube impressed electromotive force impressed to the 
plasma discharge pipe 14. Discharge of the plasma discharge pipe 14 is made to start by 
impressing the voltage of 20 kV between three cycles as voltage temporarily raised with the 
cycle of 1 3.5 kHz - 20 kHz at the time of discharge starting, as shown in this drawing 3 . After 
discharge begins, the voltage of 10 kV is impressed as maintaining-a-discharge voltage. As 
shown in drawing 3 , in order to impress a volts alternating current from DC power supply 1 1 to 
the plasma discharge pipe 14, CPU28 is turned on and off, for example with the cycle of 40 kHz 
in the chopper circuits 21 via the chopper driving circuit 22. And synchronizing with turning on 
and off of the chopper circuits 21, 1st and 2nd FET [ 2nd ] 23 and 24 is driven at 20 kHz by 
turns via the 1 st and the 2nd FET drive circuit 25 and 26. The current supplied to the 
transformer 13 by this when the chopper circuits 21 have flowed flows into the 1st FET23 and 
the 2nd FET24 by turns, and the volts alternating current of 20 kHz is outputted to the 
downstream of the transformer 13 to which the plasma discharge pipe 14 is connected. 
[0013]Next, operation of the control section 12 is explained according to the flow chart of 
drawing 4 . It is being supervised whether CPU28 needs discharge starting of the plasma 
discharge pipe 14 (Step 11). That is, since many NO x etc. are contained in exhaust gas at the 

time of engine start and acceleration, CPU28 judges discharge starting from the various 
detecting signals from the ignition sensor 31, the accelerator sensor 32, and the acceleration 
sensor 33. When discharge starting is required (step 1 1;Y), via the chopper driving circuit 22, 
CPU28 carries out pressure up of the chopper circuits 21, and drives them so that the output 
voltage of the transformer 13 impressed to the plasma discharge pipe 14 may be set to 20 kV. 
The plasma discharge pipe 14 starts plasma discharge, and the exhaust gas which passes an 
inside is plasma-ized by this. 

[0014]CPU28 drives the chopper circuits 21 at 40 kHz, and rt makes 1st and 2nd FET 23 and 24 
switch by turns at 20 kHz, as mentioned above. And it is detecting whether CPU28 having 
switched six cycles in the chopper circuits 21, and between three cycles supervises whether the 
voltage of 20 kV was impressed to the plasma discharge pipe 14. After 20-kV voltage impressing 
ends only three cycles (step 13;Y), the chopper circuits 21 are made to usually drive so that it 
may become the maintaining-a-discharge voltage whose output voltage of the transformer 13 
impressed to the plasma discharge pipe 14 is 10 kV (Step 14). 

[001 5]CPU28 judges whether discharge with the plasma discharge pipe 14 may be ended (Step 
15), and it connects the usual drive of Step 14 until the following discharge end conditions are 
fulfilled. As discharge end conditions, a stop of an engine and an acceleration state are 
completed and The shift to a constant-speed run, When there are progress of the predetermined 
time after an engine drive start, etc. and one of conditions is fulfilled (step 15;Y), CPU28 stops 
the drive of each part of the chopper circuits 21, the 1st FET23, and 2nd FET24, and ends 
processing. 

[0016]As explained above, since only the first three cycles that started discharge with the 
plasma discharge pipe 14 impress 20 kV as firing potential and it was made to impress the 
voltage of 10 kV henceforth as maintaining-a-discharge voltage, by this example, it becomes 
possible to use electric power effectively. Therefore, the amount of batteries of DC power 
supply 11 can also be reduced. Since the period of a pressure-up drive is short, withstand 
voltage to electric system can also be made lower than the case where 20 kV is always 
impressed. Therefore, the miniaturization cost cut of electric system systems (wiring etc.) is 



attained. 

[0017]In the example described above, in order to obtain the volts alternating current impressed 
to the plasma discharge pipe 14 from DC power supply 11, used 1st and 2nd FET 23 and 24. but. 
In this invention, what is necessary is just a switching means in which various fast switching, 
such as not the thing limited to this but a thyristor and a transistor, is possible. Although the 
pressure-up type chopper circuits 21 were used as a voltage pressure-up means, this pressure- 
lowering type of chopper circuits may be used. It may be made to use other circuits as a voltage 
pressure-up means. 

[0018]when a catalyst type purge is arranged at the slipstream side of a flue gas treatment 
apparatus, catalyst temperature is measured, and when the temperature is below a 
predetermined value, it may be made to start discharge with the plasma discharge pipe 14, 
although we decided to start discharge of the plasma discharge pipe 14 at the time of an engine 
start, etc. in this example The three way component catalyst (palladium (Pd), platinum (Pt), a 
rhodium (Rh) subject) of a monolith type is used as a catalyst type purge in this case, and, as for 
SV, the thing of 1440 is used. In this case, catalyst temperature starts discharge with the plasma 
discharge pipe 14 to the case of less than 450, for example. In the example described above, 
when a flue gas treatment apparatus was applied to a car, it carried out just and explained, but it 
is also possible to apply to processing units, such as NO x exhausted from burners, such as a 

boiler, otherwise in this invention, when applying to a boiler etc., the dust catcher of a cyclone 
type or an electrostatic type is arranged to the upstream of a flue gas treatment apparatus, and 
it may be made to arrange a NOx removal catalyst device to the slipstream side Although the 
plasma discharge pipe 14 of the form which carries out voltage impressing with an internal 
electrode and exterior electrodes was used in this example, as this invention, the thing of 
composition of having arranged the plate electrode which provided the electrode lattice in 
dielectrics, such as glass, to the constant interval may be used. The shape of the plasma 
discharging part 35 may not be limited to cylindrical shape, either, and other shape may be 
sufficient as it. 
[0019] 

[Effect of the InventionjAccording to this invention, to the discharge tube of a big discharge tube 
gap, a drive with low electric power is possible, and withstand voltage can also be made low. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a system configuration figure at the time of applying the flue gas treatment 
apparatus of one example in this invention to a car. 

[Drawing 2]It is an appearance lineblock diagram of the plasma discharge pipe in the same as the 
above and a flue gas treatment apparatus. 

[Drawing 3] It is an explanatory view showing the discharge tube impressed electromotive force 
impressed to the same as the above and a plasma discharge pipe. 



[Drawing 4] They are the same as the above and a flow chart which shows operation of a control 
section. 

[Drawing 5] It is an explanatory view showing the relation between a discharge tube gap and the 
size of the whole discharge tube. 
[Description of Notations] 

1 1 DC power supply 

12 Control section 

13 Transformer 

14 Plasma discharge pipe 

21 Chopper circuits 

22 Chopper driving circuit 

23 The 1st FET 

24 The 2nd FET 

25 The 1 st FET drive circuit 

26 The 2nd FET drive circuit 
28 CPU 
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20 /cLfcl^(^f^l5 ;Y) , CPU2 8B, 

/^|5ISS2 1. f 10FET23, I20FET24© 

[ooi6] izmumvtc&wc. ^mmmvit, x-? 

XvjSfcH<g 1 4rtt**lfltoLfc*»J©3JBM©#SMI 
Pfl*6«E £G-t20KV£EP»DU fcJf&«j5&«i8if3FfIIE 
£LT l o KV©^ji*EPttrrsJ: i 5fc:u;fc©T\ s^j 
£W^{c<£fflTSC£*^tl£&S. SfoT, 

i i <DJ* y?->j zctwvzz. mji 
igiti©wp^*i5®i^cto. itmR^c^rsi&JtifiEk. 

[0017] ^^tfc^lit^-CB. X^XvfiScmW 

1 4 fcEPfin-r * 3mnE.z&iMnw. 1 1 *^f#s /c«> 

(C. IlteJ;y»20FET2 3, 2 4^1^ 
Cft«:KSS3ft?»fc©T«^< . lM';x 

^. h^>^x^i?©^«i«ax^ 9^>^ojt6^x-r 

#£Ef -YX©^3 ^^-[51?§2 1 ?r^fflb/cAi. c<D¥%!£ 
d^Si urffe©[5|SS*ffiffl-r€)J;'5 4cL-C^<i:^ 1> 

[ o o i 8 ] xmrnrnx-iz. j.>^>cD^$-h^«: 
77 x-7mmm i 4 ©fifcufcHSS-r -5 c <t <t u 

^«:«. M^iSS^a'Jmb. -e©fiS*s^(iiiaT©i« 
^(C77X7j!!itl 4tC£&1&m*:ffl!fe-fz > £5iCls 

*y>;xs?©=7cfl4ifil (;^i^A (Pd) . E3#(P 
t) . D^<i7A (Rh) ift) 755<sEffl3ft. SVB14 

so 40 ©&©#&« sft .5. c©«^. mz. 



(4) 



- 1 5 5 5 3 0 



K. 4 5 0*iiS©t§^«::7'5X-?fficSW 1 4-V<DMimZ 

enter*. *fc. «Jj*fiLfciSJM«-ett. SMfxaaa 
iris. ffe(c. <K-/7f©ii^6»M?nsNO 

CJ>§?-*>#*39©ifl£«£EgU f£ifcffl"Jic. B&ifiMJS 

an 3 5©*«:fcna«ttK:R3£3ns*>©-cB*<. fa 

©Jfrt#T4>J:t,>. 

[0019] 

[*W©»*] *»W«c«fcti«. WftftttPt?^ 

*><B<-rac&jwr**. 
[Hn©n*«cim!] 

m i ] iaii«©iiw^«i«««*a 

tt*Kjaffll/fc»^©^^A»fiSH-r**. ■ 
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